Abstract An aim of current study was to investigate the prevalence and the mechanism of quinolone-resistance in E. coli isolates obtained from chicken cecum in Korea. In addition, multilocus sequence typing (MLST) was also performed for the molecular characterization of E. coli isolates. In an antimicrobial susceptibility test by the disk diffusion method, the 63.5% (54/85) of E. coli isolates showed the resistance to quinolone group of antimicrobial agents. 
Introduction
Some antimicrobial agents included in quinolones are broad-spectrum antimicrobial agents used extensively in the treatment of various community-acquired and nosocomial infections [6] . Especially, fluoroquinolone resistance bacteria belonged to Enterobacteriaceae have significantly increased worldwide in the past decades [11] . An increment of resistance to fluoroquinolones often causes limited therapeutic options and treatment failures. Among enterobacterial isolates causing community-and hospital-acquired infections, E. coli isolates have been the most commonly identified ones from humans and animal intestines and they showed high resistance rate to various antimicrobial agents [7] .
In E. coli, point mutations in the quinolone resistancedetermining regions (QRDRs) are the best-described mechanism of resistance to fluoroquinolones. QRDRs are located on the bacterial chromosome containing DNA topoisomerase II (DNA gyrase) genes (gyrA and gyrB) and DNA topoisomerase IV (parC and parE). In addition, in the plasmid-mediated quinolone resistance (PMQR) determinants, five major families of qnr genes (qnrA, qnrB, qnrC, qnrD, and qnrS) and their allelic variants have been identified in E. coli isolates from humans [10, 14] . Especially, the indiscriminating use of antimicrobial agents in food animals for treatments or additives has increased for intestinal bacteria resistant to antimicrobial agent in human. Consequently, the animal intestinal bacteria including E. coli may be transferred to humans by food chains, disseminating antimicrobial resistant genes to intestinal bacterial flora in human [8, 16] [3] . E. coli strain ATCC 25922 was used as a reference strain. In addition, multiplex PCR assays using specific primer sets were performed as previously described [2] to identify PMQR genes in the E. coli isolates〈Table 1〉. 
Characterization using MLST
MLST analysis on the basis of sequence variation was performed for the characterization of E. coli
isolates. MLST scheme [17] , which uses 7
housekeeping genes (adk, fumC, gyrB, icd, mdh, purA, and recA) was used to determine STs. The reaction conditions of PCR amplification and sequencing of the 7 house keeping genes using specific primers were the same as that of fluoroquinolone -resistance determinant characterization, except annealing temperature, 58°C 〈 [12] . E. coli isolates from chicken ceca in this study showed the higher incidence (63.5%) of resistance to quinolone group of antimicrobial agents. In previous studies, the high incidence of resistance for those antibiotics were observed in chicken feces and large intestine swabs (50.1%) from poultry in Korea [4, 9] . Furthermore, the resistant rate (63.5%) of E. coli isolates in our study, was considerably higher against those from healthy human stool (1.2%) or clinical specimens (32.8%) [9] .
High level of resistance to ciprofloxacin requires gyrA gene substitutions which include replacements of serine to leucine at 83 position and aspartic acid to asparagine at 87 position, and at least one mutation either at 80 or 84 position in parC gene as well [5] . In our study, 49 (90.7%) of 54 isolates had the three mutations which can induce high level of resistance towards ciprofloxacin. Similar to previous studies, there were no fluoroquinolone-resistant isolates with a single mutation in parC gene without double mutation at 83 and 87 positions in gyrA gene 〈Table 3〉 [13] . In contrast to previous reports, however, only few E. coli isolates (3.7%) were identified to carry qnrS of PMQR genes [18, 15] .
Except ST57 grouping 4 isolates, there were distinct differences of STs confirmed between the two areas in this study. ST752 was most prevalent in the Chungbuk province, whereas ST641 was the one in the Gyeongbuk province. It is interesting that all of 4 isolates carried substitution at 458 th residue (serine to alanine) in parE gene corresponded to ST69.
Previously, it has been reported that E. coli ST648 strains isolated from clinical specimens also carried the same substitution at 458 th residue [11] . In addition, ST226 isolates contained mutation at the 458 th residue (serine to proline) in parE gene. Therefore, it seems that E. coli ST might be closely associated with amino acid substitutions in parE gene. This suggestion was agreed with a previous study that the substitution at 529 th residue (isoleucine to leucine) in parE gene was unequivocally related to E. coli ST131 isolated from clinical specimens [11] .
A major mechanism of fluoroquinolone-resistance in E. coli isolates bacteria is known to carry amino acid substitutions in DNA topoisomerase polypeptides. In our study, we confirmed that sense mutations in gyrA, parC, and parE genes for high level of resistance to ciprofloxacin were widely distributed in E. coli isolates from chickens in Korea. Therefore, higher incidence of resistance to quinolone was attributed by QRDR mutations on the bacterial chromosome in poultry in Korea [19, 20] . Moreover, among PMQR determinants, qnrS gene was identified together with QRDR mutations in few E. coli isolates and it was detected from the Chungbuk province only.
Isolation of bacterial PMQR genes from food animals is very important because the genes could be transmitted to human intestinal flora. Accordingly, our results suggest that continuous surveillance and monitoring will be essential to prevent dissemination of antimicrobial resistant determinants in bacterial isolates from food animals to human and other animal fecal flora.
